Structural and chemical imaging of defects and crystal structures at the atomic-scale has become possible by recent technical advances in aberration-corrected scanning transmission electron microscopy (AC-STEM) and x-ray detector technology [1] . AC-STEM imaging using high-angle annular dark-field (HAADF) detector and chemical mapping using energy-dispersive x-ray spectroscopy (EDS) have been used in combination to resolve interfaces, defects and crystalline structures unambiguously [2] . The AC-STEM capability has also been recently used to study layered lithium and manganese-based materials, such as the lithium-rich, manganeserich (LMR) oxides (e.g., Li[Li x Mn y TM 1-x-y ]O 2 (TM = transition metal, e.g., Ni, Co or Fe)), which are of great interest as cathode materials for secondary (rechargeable) lithium ion batteries [3] . These studies have largely attributed the loss of capacity and voltage in the layered oxides upon the charge-discharging cycling to the development of surface reconstructed layers (SRLs) on cathode particle surfaces. On the other hand, lithium-containing oxides are known to be prone to radiation damage by high-energy electron beams. In this study, we report a comparative AC-STEM study on the structural evolution of the surface layer on LMR Li[Li 0.2 Ni 0.2 Mn 0.6 ]O 2 (LNMO) nanoparticles (NPs) induced by high-energy electron-beam irradiation and by chargedischarge cycling [4] .
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Unless extreme caution in controlling electron exposure was taken during STEM imaging, the surfaces of LNMO NPs were always found to have the SRLs which resemble those reported due to charge-discharge cycling [3] . Fig.1 shows the phase transformation and evolution on the surfaces of LNMO due to electron-beam irradiation. The original state of the NPs without the SRL (Fig.1a) was quickly transformed to a thin, defect spinel SRL after exposed to a 200 kV electron beam for as little as 30 seconds under normal high-resolution STEM imaging conditions (with an equivalent electron beam current-density of about 18 A/cm 2 ). Further electron irradiation produced a thicker layer of the spinel phase, ultimately creating a rock-salt layer at a higher electron exposure (Fig.1c) . Fig.2 shows the surfaces of LNMO NPs after the electrochemical charge-discharge cycling. Both the defect spinel structure and the rock-salt structure are visible near the edge of the particle. Atomic-scale chemical mapping by EDS in STEM has also been used to study the electron-beam-induced SRL formation on LNMO. The result of the EDS study indicates the transformation is accomplished by migration of the transition metal ions to the Li sites without breaking down the lattice [4, 5] .
The observations in this study enable a better understanding of the mechanism of forming the SRL and its structural evolution in the Li-rich layered oxides during the cycling, and also points to the special caution necessary when using TEM or STEM for the study of the lithium layered oxides and other similar oxides. 
